ABSTRACT Firms' international fragmentation of production has recently widened its focus from outsourcing of intermediates to off-shoring of business services such as software program development and international call center networks. Although many services are intangible and non-storable, gravity model estimates show that geographical distance between business partners matters less for commercial service transactions. Rather, time zones can be a driving force of international service trade by allowing for continuous operation over a 24 hours business day (continuity effect) when a proper division of labor is feasible and countries are connected to electronic communications infrastructure (ICT). But even when ICT provides alternatives for face-to-face interaction, time zones can act as a barrier when coordination problems with sleeping business partners occur (synchronization effect). In this paper, we find empirical evidence for the continuity effect in trade of business services, which is robust to measurement and sample size. Even more important is that the effect of time zones on service trade depends on access to ICT. An improvement of ICT infrastructure will affect business service trade at long time zone distances significantly more than trade at short time zone distances.
Introduction
The debate on firms' international fragmentation of the production chain has recently widened its focus from outsourcing of intermediates to off-shoring of business services. This is evident in international trade flows: producer and business services have recently grown faster than merchandise trade. Since many services are intangible and non-storable, and thus, require that production and consumption often need to appear simultaneously (e.g. in management consulting or tax advisory), services are traditionally regarded as non-tradable. However, innovations in information and communication technology (ICT) seem to render the proximity requirement for face-to-face interaction between business partners useless. Thus, software program development occurs with colleagues located in India, and call center networks around the world provide customer support 24 hours, seven days a week. An emerging body of literature focuses on international service transactions (e.g. Grünfeld & Moxnes, 2003; Kimura & Lee, 2006) and applies the gravity model, which has been found useful to explain the location of manufacturing production and FDI. While in the manufacturing trade it is argued that the magnitude of the distance effect is still higher than transportation costs would suggest (in times where transport costs such as air freight rates are rather decreasing), 1 geographical distance has an ambiguous effect on service trade. Blum and Goldfarb (2006) show that even when transportation and distribution costs are near zero, distance remains relevant when products and services are taste-dependent (e.g. music, gambling, games, and pornography). For non-taste-dependent services (e.g. general information, software, technology and financial information) distance does not represent a barrier any more. Although some authors find a significantly negative distance effect in services trade (Ceglowski, 2006; Grünfeld & Moxnes, 2003; Kimura & Lee, 2006; Mirza & Nicoletti, 2004) , it is shown that distance does not affect transactions in commercial services (Walsh, 2008) , 2 software services (Tharakan & van Beveren, 2003; and Tharakan, van Beveren, & van Ourti, 2005) , and communication and financial services (Lejour & de Paiva-Verheijden, 2007) .
The services sector is very heterogeneous and transaction costs for business services need not to be relevant for transportation, travel and tourism services. In contrast to the broad category of commercial services (which include communication, construction, insurance and financial services, computer and information services, royalties and license fees), the specialized business services sector (i.e. leasing, legal, accounting, auditing, book-keeping, tax consulting, business and management consulting, architectural, engineering and other technical services, advertising, and research) belongs to a higher extent to the manufacturing valueadded chain (OECD, 2008) . Jones and Kierzkowski (1990) argue that these services are essential to connect fragmented production blocks. In this respect, it has recently been argued that time is a determinant in the location of production, especially when just-in-time technology is introduced (Evans & Harrigan, 2005; Harrigan & Venables, 2006) . The role that time plays for international transactions is found to be ambiguous: for the location choice of multinational enterprises, it is shown that time zones have a negative impact on productivity, because air-traveling in an east-west direction is associated with the jet lag effect.
On the one hand, Stein and Daude (2007) argue that time zones act as a barrier even when electronic communication (email and virtual conferences) is an excellent substitute for face-to-face interaction, because coordination problems with sleeping business partners occur (synchronization effect). This implies that locating business and customer support services in close locations makes sense to ensure that time zones allow for simultaneous interactions. On the other hand, Marjit (2007) and Kikuchi and Iwasa (2010) model time zones as a driving force of service trade and argue that, with few interruptions, business operations can continue when a proper division of labor is feasible and countries are connected via ICT (continuity effect). They build their time zone argument on operations in the software industry where programming problems will be emailed from the USA to India at the end of the day (in the USA) and an Indian software specialist starts working in her regular office hours when the office in the USA remains closed. But the continuity effect can be important for simultaneous interactions between business partners as well, since call center networks provide customer support outside the customer's normal working hours.
In this paper, we empirically investigate the argument that time zones are a driving force of business and commercial services trade. In contrast to previous studies on time zones, we follow the theoretical contribution by Marjit (2007) and Kikuchi and Iwasa (2010) and show that the access to ICT is a precondition to make use of time zone differences for business services trade. We apply a Tobit model to show that the effect of time zones on business services trade depends on the access to information and communication technology. We account for countries with multiple time zones and apply various measures of distance in time. The research question is relevant for the following reasons: while empirical research focuses increasingly on international service transactions since data become available, evaluations on trade barriers in business services are scarce. Since specialized services represent an 'experienced good' for which the quality cannot be evaluated in advance, the internationalization of business services seems to be far more difficult. Many business services firms tend to follow their (manufacturing) customers into global markets (Raff & von der Ruhr, 2007) and are requested to provide support around the clock. In this respect, time zones may affect international business service transactions by more than commercial services trade in general.
The paper is organized as follows. In the next section we derive testable hypothesis from a review of the literature on the link between time costs and ICT interconnectivity in the delivery of commercial-and business services. Section 3 presents methodology and data sources. Empirical evidence is discussed in section 4. The last section concludes the paper.
Economic Theory: Time as a Trade Barrier
The debate on the distance effect in gravity models has prompted a reassessment of trade costs in international transactions. Instead of estimating transportation costs in a single distance variable, the literature distinguishes trade costs into financial and time dimensions. This is an important step since transportation costs such as air freight rates decrease (Duranton & Storper, 2005; Hummels, 1999) , but delivery time has become increasingly important in fragmented production chains, especially when just-in-time technology is introduced. 3 Time to deliver to the market has two effects on trade: first, time can be an entry barrier, and second, time can be considered as trade costs. 4 A frequently cited paper in this field is Hummels (2001) . He finds that time costs associated with the net shipping time between trading countries' ports reduce the probability that a country will export time-sensitive manufactures. Djankov, Freund, and Pham (2010) argue that a significant part of time costs stems from moving goods from the factory to the ship, which involves time delays due to administrative procedures (e.g. customs and tax procedures, cargo inspection) at the port (see also Hausman, Lee, & Subramanian, 2005) , in addition to the quality of physical infrastructure in the country (Limao & Venables, 2001 ). Thus, when time for export is considered, geographical transaction costs matter less (Nordas, Pinali, & Geloso Grosso, 2006) .
Although the physical transportation of goods requires time, some services exhibit characteristics that render the time costs associated with delays in transportation useless. Services are mostly intangible and non-storable, and thus, require that supplier and consumer are physically located in the same place. However, when telephone, email and virtual conferences become close substitutes for face-to-face interactions, geographical distance should not represent a barrier for international service transactions. In this respect, Portes and Rey (2005) argue that a negative distance effect found in international equity flows can be interpreted as a kind of information cost. 5 When applying the same logic as before, information costs can be split into financial and time elements.
With respect to the time element, the proximity requirement for the delivery of services rather suggests that a part of the information costs may stem from time zone differences between business partners, as one way to provide a service and communicate face-to-face is to travel abroad. However, air traveling in an east-west direction incurs the jet lag effect and requires time to adjust to time differences. 6 To the extent that electronic communication replaces face-to-face 3 See Evans and Harrigan (2005) and Harrigan and Venables (2006) for theoretical models on just-in-time production and agglomeration. 4 A high variability in delivery time will prevent firms from entering the market as they will not be shortlisted for contracts that require just-in-time delivery (Nordas, Pinali, & Geloso Grosso, 2006) . 5 See also Buch (2005) for international banking. 6 According to Paulson (1996) , the symptoms of jet lag become important with time zone changes of 5 hours or more. Traveling in both directions causes time to re-establish a circadian equilibrium: traveling from east to west stretches the traveler's day while traveling from west to east compresses it. However, the time to re-establish is greater with flights eastward than westward. In a similar manner, Kamstra, Kramer, and Levi (2000) find that sleeping disorders due to daylight saving time changes affect the response time and problem-solving ability of stock market participants. interaction, the need to travel should become less relevant. Nevertheless, when being located in distant time zones, coordination problems with sleeping business partners occur. In a study on the location of FDI, Stein and Daude (2007) show that time zones act as a barrier when frequent real-time communications (synchronization effect) between headquarters and their foreign affiliates are important (see also Hattari & Rajan, 2008; Zaheer, 2000) . This implies that customer support services would be located in the near distance to ensure that time zones allow for simultaneous real-time interactions.
In trade theory, only a few attempts have been made to consider the role of time zones for trade. 7 Marjit (2007) models time zones as a driving force of international services trade. When production of a service is fragmented and takes two days to be finished, time can be saved if countries located in separate time zones engage in production, each performing one step (sequential interactions). The time zone argument is derived from operations in the software industry. Software problems in the US can be emailed to India at the end of the day (in the USA). An Indian software specialist is working when the offices are closed in the USA so that the programming codes can arrive as email attachments when the US-offices reopen. A similar argument is proposed by Kikuchi and Iwasa (2010) . They assume positive time costs for the delivery of services and consider that a country's consumers, who would like to get the service sooner rather than later, can import the service cheaper, if there is a significant time zone difference between both countries. Kikuchi (2003 Kikuchi ( , 2009 ) finds that time zones affect the structure of comparative advantages when services are used as an intermediate good. Thus, the existence of time zones allow that with little interruptions, business operations can continue if the office locations are in significantly distant time zones (continuity effect). The first empirical study on the time zone effect in cross border services trade was Head, Mayer, and Ries (2009) . They confirm that the ability to operate around the clock (continuity effect) offsets the need to communicate during business hours (synchronization effect). Christen (2011) finds similar results with respect to service FDI: time zone differences have a significant positive effect on foreign affiliates' sales in services. Being further away in terms of time zones raises affiliates' sales compared to the reference group with no time zone difference.
Nevertheless, this type of trade requires two basic preconditions to be satisfied (Marjit, 2007) . First, the time zone difference can be utilized when a proper division of labor is feasible in the sense that working during regular office hours is possible. The continuity effect of time zone differences which is employed in cases of sequential interaction between business partners can be important for cases of simultaneous interactions as well, since call center networks provide customer support outside the customer's normal working hours. Thus, locating business support services in time-distant countries can be beneficial for services firms, since it allows ensuring that support will be provided without (less productive) shiftwork in the home country. Therefore, we expect that the continuity effect is more important than the synchronization effect. In line with this argumentation we test the following hypothesis: Hypothesis 1. Business service trade increases with time zone differences between business partners (continuity effect).
The second precondition to be satisfied is related to the financial element of information costs: relevant infrastructure has to enable the service to be transported with little cost. Keller and Yeaple (2013) model the firms' choice to transfer intangibles and focus on the trade-off between communicating knowledge from one person to another versus the costs of moving knowledge embodied in goods. They argue that a multinational firm tends to shift its mix from disembodied (direct communication) towards embodied (trade) knowledge transfer since communication costs (which vary with the degree of knowledge codification) rise faster with the knowledge intensity of industries than trade costs (which vary with distance). The empirical evidence confirms that the average knowledge intensity of trade increases with distance.
Since one way to provide services is to travel abroad, a few authors have shown that lowering the costs of international business travel (e.g. by a less restrictive foreign visitor policy) facilitates trade of goods and services by allowing for increased face-to-face interaction between business partners (Belenkiy & Riker, 2010; Poole, 2010; Yasar, Lisner, & Rejesus, 2012) . Another way to provide business services is to make use of electronic communication. In this respect, communication costs -measured by, for example, a standard residential rate for international calls -have decreased substantially (Tang, 2006) and allow for the volume of bilateral telephone traffic to be extended. Fink, Mattoo, and Neagu (2005) find that trade in differentiated goods for which significant buyer-seller interaction is necessary is more sensitive to telecommunication prices. Similar results are obtained by Portes, Rey, and Oh (2001) and Portes and Rey (2005) for financial flows: by including the volume of bilateral telephone traffic, geographical distance does not matter for transactions of homogeneous treasury bonds but remains relevant for transactions in heterogeneous financial assets (corporate bonds and equities). Loungani, Mody, and Razin (2002) extend the analysis by adding telephone traffic to bilateral FDI flows. However, as bilateral telephone traffic does not reflect the countries' capacities to communicate, the focus of analysis shifted to the (quality of) telecommunications infrastructure as a condition for international transactions. Freund and Weinhold (2002) find a significant positive effect of internet adoption abroad on US service trade growth, which is somewhat stronger in a subsample of business, professional and technical services. 8 According to Marjit (2007) , ICT is a precondition for the ability to make use of the continuity effect of time zones in international business services. Therefore, we expect Hypothesis 2. We test the hypothesis with an interaction term of time zone differences and ICT infrastructure, which is expected to be positive for business and commercial services trade. When ICT infrastructure is important in making use of the continuity effect in business services trade, we expect that an increase in the access rates to ICT will affect business services trade over longer time-zone distances by more than over shorter time-zone distances. Moreover, there has been much discussion that with emerging ICT a technology capacity gap is arising -the digital divide -between information-rich and information-poor countries. Further digitalization within the country increases the network capacity by lowering the marginal costs of additional users connected with the network. Since access rates to ICT infrastructure are highly developed in OECD countries, the marginal utility of an additional unit of ICT for trade of business services is expected to be decreasing. In contrast, information-poor countries in turn face the threat of being left further behind (Hanafizadeh, Saghaei, & Hanafizadeh, 2009 and references therein) . In this respect, the degree of interconnectivity between two countries is often determined by the country with the poorer access rates to ICT. Thus, it is reasonable that the marginal effect of an increasing ICT access on business service trade is stronger in trade with less developed non-OECD countries than in service trade with OECD partner countries.
Empirical Investigation

Model Specification
The gravity model has been widely used for explaining bilateral trade flows between countries since Tinbergen (1962) . The log-linear specification of the gravity equation relates nominal bilateral trade flows from exporting country i to importing country j to the economic masses (GDP) of the trading partners and to the distance between them, whereas distance proxies for transportation costs. Even though the gravity model first emerged as an empirical relationship, theoretical underpinning appears (Anderson, 1979; Bergstrand, 1985 Bergstrand, , 1989 . Recently, there have been various attempts to develop structural gravity equations. The theoretical foundation can be distinguished in three broad approaches. The first models derive the gravity equation based on product differentiation by the country of origin (Anderson & van Wincoop, 2003) . Thus, countries produce a differentiated bundle of products in the country of origin and send them across borders, where it enters the utility of a consumer. The second strand of theoretical foundation, which considers product differentiation and monopolistic competition, builds on a similar argument (Krugman, 1980) . The third approach builds the gravity equation on models with homogeneous products and heterogeneity in productivity (Eaton & Kortum, 2002) . In contrast to the transaction costs associated with the shipment of goods, services can also be traded electronically due to their intangible nature. When including transaction costs that are relevant for services trade, the structural gravity equation derived from models explaining merchandise trade, appears to be applicable to trade in services. The following gravity model specifications are used to evaluate time as a trade barrier for exporting business and commercial services:
( 1) where EXP ijt is the export of (business or commercial) services from home country i to host country j at time t. Market size of home and host country is measured by the log of nominal GDP at time t − 1 to proxy for services demand. We use the GDP with a one-year lag to mitigate the endogeneity because exports (and imports) are a component in value added and GDP. By controlling for distance between countries in the regression, we add TIME ij to the equation, which is measured by the differences in hours between the countries' capitals. We perform robustness checks by a variety of measures in time zone differences, which is explained in detail in the following section. The bilateral control variables in X ijm include a dummy for colonial relationships, English language, and cultural similarity respectively. In addition, we add a dummy that covers the presence of a free trade agreement of a trading pair when services trade according to GATS Article V is explicitly considered. 9 In a second model, we test the impact of time as a trade barrier when the countries' degree of connectivity to an information and communication network (ICT) is taken into account. While previous studies use telecommunication prices and telephone traffic to quantify information costs, we focus on the ICT infrastructure present in the previous period. Telecommunication costs and bilateral telephone traffic can be a consequence of increasing international transactions and, thus, may be endogenous to international trade. In contrast, the presence of ICT infrastructure in the country better reflects the countries' capacities to be involved in international transactions. The theoretical literature suggests that being connected to an ICT infrastructure network is an important precondition for the continuity effect of time zones (Kikuchi & Iwasa, 2010; Marjit, 2007) . But the degree of interconnectivity between two countries is often determined by the country with the poorer ICT infrastructure. For this reason we include the minimum ICT infrastructure (min[ICT it−1 ; ICT jt−1 ]) and estimate the following equation:
9 Grünfeld and Moxnes (2003) argue that the presence of a free trade agreement (FTA) for goods is insignificant in services trade as mostly FTAs do not include trade in services explicitly.
The coefficient on the interaction term of time zones and minimum ICT infrastructure network, β 4 , indicates whether the effect of time zone differences on trade depends on the ICT network. A country pair in which the partner with poorer ICT has a more advanced infrastructure access will trade more over longer (or shorter) time zone distance than a country pair in which the partner with the poorer infrastructure has a worse ICT network. The interpretation of the interaction effect depends on the degree of buyer-seller interaction dominant in cross-border trade. When the continuity (synchronization) effect is important we expect that ICT matters more at longer (shorter) time zone distances. In this respect, we derive the marginal effects of an increase in time zones and minimum ICT on business service trade at various points of the cumulative distribution to test whether ICT equipment is more essential at longer or shorter time zone distances. The marginal effect indicates the amount of change in business service trade with a one unit change in time zones while holding the level of ICT in the country with the poorer ICT infrastructure constant at various percentiles of the cumulative distribution of minimum ICT. Correspondingly, we estimate the marginal effect of an increase in minimum ICT on business service trade at each hour time zone difference between countries. When hypothesizing that the degree of interconnectivity between two countries is determined by the country with the poorer ICT infrastructure, we expect that countries will select into service trade. An empirical problem that arises when using the log of service exports as a dependent variable is how to deal with recorded zero trade values. Although our data set includes a relatively small number of observations where business service trade would be dropped by taking logs (about 12%), the problem is that those observations can carry important information with respect to selection into trade. Thus, zero trade can be the result of a poor ICT network so that countries are not able to participate in services trade. Some authors simply exclude the observations in which the dependent variable takes a value of zero. This would lead to an estimation bias. Instead, we use the Tobit model, which assumes that the dependent variable is censored to the left to account for zero trade flows and the selection of countries into service trade.
In an influential paper, Baldwin and Taglioni (2006) describe in detail what they call bronze, silver and gold medal mistakes in applying panel data. As it is already known as 'the multilateral resistance term', Anderson and van Wincoop (2003) argue that bilateral trade between any two countries also depends on remoteness, i.e. each country's resistance to trade with all other trading partners. Neglecting the 'multilateral resistance term'; and estimating trade flows depending on bilateral distance and market size creates an omitted variable bias as bilateral trade costs with all other countries will be included in the residual. One way to account for the multilateral resistance term is to include relative prices and to estimate gravity equations with real GDP values and deflated nominal trade flows. An inappropriate deflation can create spurious correlation owing to global inflation trends (the bronze medal mistake) in addition to the bias that arises due to fact that the GDP deflator includes non-traded goods prices as well. Baldwin and Taglioni (2006) argue that including time dummies can correct for mistaken deflation procedure. We try to avoid the bronze and silver medal mistakes (which arise when using the average of the two-way exports) and estimate the gravity equation with nominal trade and GDP values as well as uni-directional trade flows. Country fixed effects will cover what Baldwin and Taglioni (2006) call, 'the gravitational un-constant term' by removing the cross-section correlation between the multilateral resistance term and the independent variables. Although time-invariant pair dummies are superior to nation dummies, estimating the time zone variable in our model does not allow adding pair fixed effects as all timeinvariant variables will drop out. As in previous studies on time zone effects, we estimate the model with importer-and exporter country fixed effects and year dummies.
Variables and Data Sources
Our main interest is to compare the different time zone effect on business and commercial services trade. We use bilateral services trade data from the OECD Statistics on International Trade in Services. The statistic covers the period from 1999 to (OECD, 2008 . Total services trade data are reported by 27 OECD countries with their respective 226 partner countries. 10 The database allows the distinction between several service sectors. Regressions for trade in business services (which include leasing, legal, accounting, auditing, book-keeping, tax consulting, business and management consulting, advertising, and research) are compared with trade in commercial services, which is a broader categorization of business services (as it additionally considers communication, construction, insurance and financial services, computer and information services, royalties and license fees). This is most interesting, as the recent debate on off-shoring of service transactions focuses on business and commercial services rather than on travel, transportation and government services. In sum, these service sectors add up to total service transactions between countries. In addition, we estimate the time zone effect for merchandise trade based on the OECD International Trade by Commodity Statistics (OECD, 2010) for which we select the same sample period.
Moreover, the services trade data in the OECD statistic are on a balanceof-payments basis and, thus, are an aggregate that covers GATS mode 1 trade (cross-border) and mode 2 transactions (consumption abroad). In contrast, they include only a small part of GATS mode 3 (commercial presence) and mode 4 (movement of natural persons) transactions. This classification has been adopted as a framework for current multilateral negotiations under the GATS. All four modes of service transactions considered in the GATS classification reflect to some extent the suppliers' choice of services delivery (see, for example, Patterson & Cicic, 1995 , for detailed analysis of the entry mode choices of Australian service exporters). However, the WTO estimates that up to 50% of all service transactions is allocated to mode 3 transactions (FDI) whereas mode 1 and mode 2 transactions account for 35% and 10 to 15% respectively (see Maurer, Magdeleine, & d'Andrea, 2006) . While service delivery via FDI is recorded in the foreign affiliate's trade statistics (FATS), the OECD data set that we use here covers mainly crossborder trade where neither the service supplier nor the receiver moves. A high extent of mode 2 service delivery is made up of tourism service, which is not included in the service categories considered here. However, the data set we use to evaluate the time zone effect unfortunately limits our analysis since we are not able to split cross-border business services trade according to the degree of buyerseller interaction (simultaneous or sequential). The analysis allows a conclusion with respect to transactions that dominate in cross-border business service trade.
For the time zone measure we calculate the shortest time zone difference between the countries' capitals in hours (TIMEcap) based on time zone data provided by PTB (2010) . The variable varies between 0 and 12 hours when we abstract from daylight saving time. The full sample (henceforth Panel A) also includes (reporter and partner) countries with multiple time zones (e.g. Australia with UTC + 8 hours in the west and UTC + 10 hours in the east, or the Russian Federation with UTC + 3 hours in the European zone and UTC + 12 hours in Vladivostok which is also the largest intra-country time zone distance). 11 However, it can be argued that in some countries the capital city is the center of economic activity (e.g. Australia, Indonesia, and the Russian Federation), where most of the (internationalized) business service firms locate. In this respect, using TIMEcap as (our main) measure to capture the time zone effect seems to be valuable. Nevertheless, in some countries the (internationalized) business service sector is distributed within the country, with service firms located in regional metropolises (e.g. in Canada and at the US East and West coasts). Hence, time zone differences based on the countries' geographical center (here calculated as TIMEmean) or based on the minimum geographical distance between the country and the respective trading partner (TIMEmin) is a better approximation to cover such examples. Thus, for a robustness check we report results on TIMEmean and TIMEmin as well. Moreover, we calculate the number of overlapping office hours between the trading countries' capitals based on either a normal 8 hour working day (from 9 am to 5 pm) or an intensive 10 hour working day (from 9 am to 7 pm) which is mostly common in business consulting firms and R&D departments. The variables (Office8, Office10) vary between zero (with no hours overlap: these include trading pairs with a time zone difference from 9 (11, respectively) to 12 hours) and 8 hours overlap (10, respectively) when countries are located in the same time zone. 12 In addition, we test the time zone effect on business and commercial services with respect to the precondition that countries need to be connected to ICT to transfer business services. The time zone variable interacts with the ICT variable in the country with the poorer ICT infrastructure to estimate the marginal impact of minimum ICT and time zone differences on business services trade. The World Bank (2010) reports ICT variables (mobile phones, telephones, personal computers, and internet access), which are expressed in relative terms to the country's population (except for the registered air transport carriers). These variables reflect the distribution of communication infrastructure within the country. Another way to deliver business services requires traveling. Thus, the country's domestic takeoffs and takeoffs abroad of air carriers registered in the country is used to proxy for the ability to receive good flight connections. Owing to limited availability of data on the infrastructure at the country-level, the minimum ICT variable mostly restricts our sample to a lower number of observations in the regressions.
The empirical analysis includes control variables which are shown to be relevant for trade in services: Although previous studies disagree about the impact of geographical distance in certain services, distance needs to be included in the analysis to figure out the additional effect of time zone differences. 13 Data on standard gravity variables (distance and colonial ties) are taken from the CEPII-Database (CEPII, 2010). We use distw as the geographical distance between countries, which is calculated following the great circle formula using latitudes and longitudes of the most important cities, which are weighted by their population size. We account for language barriers that are relevant in trading business services. Officially spoken languages may not capture the effective language barriers. 14 Thus, we construct a bilateral dummy that is equal to one when English is a widely spoken language in both countries. Here, we use data from the CIA World Factbook (CIA, 2010) . In addition to the countries in which English is an official language, we treat countries as 'widely spoken English countries' in which more than 50% of the population speaks English (see Appendix Table A2 for a list of countries). Since most business services belong to a value added process where the quality cannot be evaluated in advance, the presence of asymmetric information between business partners leads to the fact that trust is a necessary condition to build up relationships across borders. Culture and religion are often associated with trust and play a prominent role for the ability to build networks. 15 Similar to Vietze (2011) , we use the CIA World Factbook (CIA, 2010) data to build dummies that are equal to one if more than 60% of a country's population belong to a certain religious denomination (Catholic, Protestant, Orthodox, Muslim, and 13 Although both distance and time zone differences reflect geographic division and are thus highly correlated (around 0.75), the distance needs to be included in the regression. However, Head et al. (2009) and Stein and Daude (2007) report similar correlations. 14 Tharakan and van Beveren (2003) and Tharakan et al. (2005) find that India's endowment with a large stock of IT professionals proficient in English is an important determinant of India's successful software export. 15 See Glaeser, Laibson, and Sacerdote (2002) on determinants of social capital and Knack and Keefer (1997) on its effects on economic outcomes. Guiso, Sapienza, and Zingales (2009) show that religious similarity has a positive impact on trust. Tharakan and van Beveren (2003) stress the role of co-ethnic networks in bilateral services trade (see also Gould, 1994; Rauch & Casella, 2003; Rauch & Trindade, 2002) .
Others, respectively). Moreover, to control for cultural similarity between trading countries, we construct a set of bilateral religion dummies (one dummy for each religion), which are equal to one if more than 60% of both the reporter-and partner-country's population belong to the same religion, and zero otherwise. We include a dummy for regional trade agreements between countries to account for trade barriers when agreements are not signed for GATS Article V (for the services trade regression), and GATT Article XXIV (for the goods regression) respectively (WTO, 2010). 16
Results
Time as a Trade Barrier
Estimations for the time zone effect are presented in Table 1 for trade of specialized business services and Table 2 for the broader categorization of commercial services. In Panel A we use all bilateral services trade flows to estimate various measures of the time zone effect. All estimates on control variables are statistically significant and show the expected sign. 17 We find a negative distance effect for business services and all sub-sectors of commercial services trade. In contrast, the time zone effect is significantly positive for trade in specialized business services. This indicates that the continuity effect offsets the synchronization effect and, hence, service firms profit from time zone differences by being able to operate over a 24 hour business day. Thus, service providers trade more with business partners located in a distant time zone. The significance of the continuity effect holds for time zones measured in hours between the countries' capitals (TIMEcap) and for alternative measures of time zone distance based on countries' geographical centers (TIMEmean) and the minimum time distance (TIMEmin). Further robustness checks on time zone measures show that business service transactions decrease with the number of overlapping office hours in both business partners' countries. 18 However, time zones are not a driving force for trade of commercial services, as shown in the first column of Table 2 . The time zone effect remains insignificant for all alternative 16 See descriptive statistics in Appendix Table A3 . According to the correlation matrix in Table A4 the correlation between home country GDP and the minimum ICT variables are relatively low. Since the dataset includes bilateral trade between OECD and Non-OECD countries, the minimum ICT network variables correlate to a somewhat higher extent with the host country GDP, around 0.4. Nevertheless, home and host country GDP need to be included otherwise we run into serious problems with respect to omitted variable bias. 17 Colonial ties and language barriers are important for the export of business services. Moreover, we find strong explanatory power of both countries' lagged GDP, which indicates that firms export business services to countries with high demand for heterogeneous products. The coefficients for cultural similarity are positive and significant for Orthodox religion and negative and significant for other religion (which includes Hindu, Buddhist and other religions). The impact of Protestant and Catholic religions is insignificant in all cases. As we do not have a reporter country with more than 60% Muslim religion, the bilateral dummy for Muslim drops from the estimation. For commercial services, the dummy for the GATS agreement is significantly positive while EU27 membership is insignificant. For business services, both the GATS dummy and EU27 membership are insignificant. 18 The continuity effect remains significant in specialized business services trade when all multiple time zone countries are excluded in sample B (not shown for brevity). measures of time zone differences and does not change when multiple time zone countries are excluded. Two reasons may explain why time zones do not matter for commercial services. First, the heterogeneity of services within the broad category of commercial services avoids justifying a significant positive or negative time zone effect. According to Table 2 , the continuity effect is significant for trade of construction services, computer and information services, financial and insurance services. The coefficients remain robust for the respective services sectors when alternative measures of time zone differences are included instead. In contrast, for communication services, the time zone effect is insignificant and remains insignificant for all alternative measures of time zone differences. 19 The heterogeneity of single service transactions suggests the neutralization of the time zone effect in commercial services with neither the continuity effect nor the synchronization effect dominating.
Second, the insignificance of the continuity effect in commercial service trade may depend on the countries considered in the sample. The time zone effect may matter more in OECD trade with Non-OECD countries, since support services may be outsourced to lower-income countries when ICT infrastructure allows this. We perform a seemingly unrelated estimation, which includes both intra-OECD trade and OECD-Non-OECD trade in one regression to test the significance of the difference in the time zone coefficients. The results are reported in the lower part of Tables 1 and 2 . The time zone effect is positive and strongly significant in business services trade with low-income Non-OECD countries. For intra-OECD business service trade we find an insignificant time zone effect. According to the Chow test, we can strongly reject the null hypothesis of equal coefficients for intra-OECD business service trade and OECD trade with Non-OECD countries. Excluding multiple time zone countries in panel B does not change the results; the Chow test is strongly rejected. Time zones matter more in business service trade with Non-OECD countries than in intra-OECD trade. 20 The continuity effect present in trading business services is not valid for merchandise trade. 21 Rather, we find significantly negative time zone effects. Estimates on alternative definitions of time zones strengthen the results: merchandise trade significantly increases with the number of overlapping office hours between trading partners. Excluding reporter and partner countries with multiple time zones in sample B confirms the robustness of the negative time zone effect. Thus, time zones seem to be associated with additional transaction costs 19 According to the IMF's balance of payments manual, communication services cover two primary categories of international transactions: telecommunication services (which include business network services, teleconferencing, and support services) and postal and courier services (which include transport and delivery of print media). The insignificant effect of time zones in communication services tends to be reasonable since time zones are associated with additional costs for postal and courier services. 20 Moreover, the continuity effect is strong in OECD commercial service trade with Non-OECD countries as well. However, the time zone effect is significantly negative in intra-OECD commercial services trade. A breakdown by single services sectors shows that the result stems from communication and computer and information services while the time zone effect remains positive and significant in financial service. 21 Results are not shown for brevity but are available from the author upon request.
in the delivery of goods that are not captured by the distance variable at all. However, our estimates show that the distance effect drops only slightly when adding the time zone variable to the model and it remains at the level when turning to the restricted goods sample in which we account for observations on merchandise trade when business services export data are non-missing. The time zone effect in merchandise trade reverses and becomes significantly positive. In this respect, trade in goods follows the same pattern as cross-border business service trade, which is perhaps an indication for the fact that business services accompany manufacturing products. This is especially relevant for high-tech products such as machinery or ICT equipment, which are bundled with (locally produced) services, i.e. providing financing and installation services as well as customer support.
A large part of OECD merchandise trade takes place in higher-valued product categories. The seemingly unrelated estimation provides evidence that time zones represent a significant barrier for intra-OECD trade, which is perhaps an indication for additional transaction costs in the form of frequent communication between firms (and the consumer) when in-house customer support is provided. In contrast, this is not the case for merchandise trade with Non-OECD countries: the continuity effect still holds. According to the Chow test, we can strongly reject the null hypothesis of equal time zone effects in both subgroups. 22 In this respect, Non-OECD countries play an important part in firms' fragmentation of the production chain and the delivery of intermediates. Thus, transaction costs to connect production steps in distant locations seem to differ from transaction costs associated with horizontal intra-industry trade in higher valued products.
Interconnectivity and Time Zones
Note that (accompanying) cross-border business and commercial services transactions without movement of service supplier and consumer (as in the case of customer support services) require a good communications infrastructure to enable the interaction between business partners. Therefore, the second model evaluates the hypothesis that the ability for service providers to make use of the continuity effect of time zones depends on the availability of a relevant ICT infrastructure network in the country with the poorer access rate to ICT. Results are reported in Table 3 . The heading of each column shows which ICT variable is included in the respective model.
The interaction term on time zone differences and the minimum ICT network is positive and highly significant for all ICT variables. Thus, the effect of time zones on business services trade depends on the access rates to an ICT network in the country with the poorer infrastructure. And vice versa, the effect of an increase of minimum access rates to ICT on business services trade depends on the time zone difference between business partners. The coefficient on the joint impact of time zones and minimum ICT is also highly significant and positive for commercial Note: All regressions are Tobit estimations and include the log of importer and exporter GDP, dummies for common language, common religion, colonial ties, dummy for service trade agreements and EU27 membership. Importer and exporter fixed effects as well as time dummies are included. Standard errors robust to heteroskedasticity are reported in parentheses. * * * denote significance at 1% level, * * 5% level, * 10% level respectively.
services trade, but we find mixed results when considering different types of commercial services: the interaction term is significantly positive in the trade of financial services, insurance services, and computer and information services, but less robust in construction services and not significant in communication services trade. However, in business service trade we obtain, for example, the lowest coefficient on the interaction term of time zones and access to the internet, which is 0.046. The magnitude of the interaction effect is, on average, 0.4 log points(= 0.046 * 3.959 * 2.213 = coeff * mean(TIMEcap) * mean(log[minNET])) and doubles when considering a maximum internet access rate in the country group with the poorer network (0.8 log points = 0.046 * 3.959 * 4.472). However, the magnitude of the interaction term triples when the maximum time zone distance of 12 hours is accounted for (1.2 log points = 0.046 * 12 * 2.213) and reaches 2.5 log points for both the maximum time zone difference and maximum internet access rate. 23 Since the access rates to ICT infrastructure are on average less developed in Non-OECD countries, the magnitude of the interaction would presume that those countries can increase business trade with partner countries in distant time zones by increasing the access rates to electronic communications equipment. Although it seems reasonable that the joint impact of time zones and ICT on business service trade differs for both groups, the lower part of the table provides the results of the Chow test. We fail to reject the null hypothesis: The magnitude of the interaction term is the same for both groups of trading partners. 24 Moreover, by including the interaction term in the model, the coefficient on the time zone variable turns negative and is interpreted as a single effect when the access rate to ICT infrastructure in the country with the poorer network is zero. The same holds for the ICT variables for which now negative coefficients are observable: the interpretation can only be made if no time zone differences exist. In this respect, we estimate the average marginal effect of an increase in time zone differences on business and commercial services trade while holding the level of minimum ICT in the country with the poorer ICT infrastructure constant at various percentiles of the cumulative distribution. The results are reported in Table 4 . In general, there is a positive average effect of time zones on business services trade in countries that are at the mean of the minimum ICT distribution. The time zone effect is significant at the 10% level. In the group of countries that are in the bottom 50th percentile of the distribution (median) the average effect of time zones on business services trade is positive as well. The coefficient is 23 According to Appendix Table A3 , the internet infrastructure variable has a mean of 2.213 and a maximum of 4.408, which indicates that at worst 9% of the population in the country with the poorer infrastructure has access to the internet, while at best 82% of the population uses the internet. 24 For commercial services, however, the Chow test validates significant differences in the coefficient for intra-OECD trade and OECD trade with Non-OECD partner countries. The strong result is misleading since commercial services are very heterogeneous: according to the estimates on single services sectors, we cannot reject the hypothesis of the equality of coefficients across country groups for all types of commercial services except for computer and information services. The same argument applies to merchandise trade: the hypothesis of equality in the joint impact of time zones and minimum ICT is rejected. quantitatively higher and statistically significant at the 5% level. Moving to the top 75th percentile, the effect of time zones on business services trade is statistically significant at the 1% level and quantitatively about 1.5 to 2 times the size of the estimated average marginal effect of the bottom 50th percentile. In contrast, the average time zone effect on business services trade with partner countries that are in the bottom 25th percentile of the ICT distribution is insignificant. The result implies that ICT infrastructure tends to be a bottleneck to trade business services at increasing time zone distance. A minimum level of ICT needs to be established in the country with the poorer ICT infrastructure.
The empirical results for commercial services are more mixed, mainly due to the varying impact of time zones and minimum ICT by type of services sector included. Although the coefficient on the interaction term is highly significant and positive, time zones are not a driving force of trade in the broad categorization of commercial services. Table 4 shows that the effect of time zone distance on commercial services trade is insignificant at nearly all percentiles of the cumulative distribution of minimum ICT. 25 The significant interaction term tends to be driven by the effect of minimum ICT on trade.
The lower part of Table 4 contains the marginal effects of an increase in minimum ICT on business and commercial services trade at selected time zone differences between countries. In fact, we find that the marginal effect of an increase of the minimum ICT (i.e. in the country with the poorer network) by one unit from the mean on business services trade depends on the time zone distance between countries. Business services trade at longer time zone distances increases with rising access to minimum ICT, while at shorter time zone distances the marginal effect of minimum ICT on trade is insignificant or even negative. 26 The same holds for commercial services trade: an increase of the minimum access rates to ICT by one unit from the mean affects commercial service trade positively at time zone distances of more than 9 hours. At short time zone distance of less than 9 hours the effect of minimum ICT is insignificant or even negative. 27 At longer time zone distances, country pairs increase trade of business and commercial services with a rising access to ICT infrastructure network. In this respect, service firms export business services to countries in significant distant time zones in order to save time when the established ICT infrastructure network allows this. 25 A detailed analysis shows that time zones do not affect trade of communication services irrespective of the ICT variable included. But this is not the case for construction services, computer and information services, financial and insurance services. The marginal effect of an increase in time zone distance on trade is positive and strongly significant at all percentiles of the minimum ICT distribution. 26 The negative marginal effect of access to personal computers on business and commercial services trade might be explained by the circumstance that personal computers do not connect countries to an international network per se, like the worldwide web, mobile phones, and international air transport availability. 27 The access to air transport becomes important at longer time zone distances for trade of all types of commercial services. With respect to electronic communications equipment we find mixed results: ICT used for simultaneous interaction (mobile phone and fixed-line telephony) is important for communication services trade at all time zone distances, but it does not matter for construction and financial services trade. A minimum access to the internet is only important for computer services at long time zone distances. Thus, an increase of ICT access rates in countries with a poorer ICT infrastructure network would favor business trade with time distant countries. The continuity effect is relevant when providing 24-hour customer support. The positive average effect of an increase in ICT infrastructure used for simultaneous interactions (mobile and fixed-line telephony) might indicate that this is in fact the case. Trade of specialized business services with time-distant countries is supported, especially by ICT infrastructure. In this respect, the continuity effect of the time zone distance in business service trade depends on the ICT infrastructure network. At long time-zone distances, the ICT infrastructure is more important to connect countries for services delivery. When business services are transferable via ICT networks, the digitalization becomes a serious task for countries to profit from the outsourcing decisions of international services firms in general.
Conclusion
Due to innovations in information and telecommunication technology (ICT) the proximity requirement for face-to-face interaction between business partners seems to have become less important. While geographical distance in gravity models on merchandise trade is found to overestimate the true cost of transportation, in the firms' fragmentation of the value-added chain time has become an important determinant in the location of intermediate production.
In this paper, we analyze whether time is a trade barrier for business and commercial services when countries become connected to ICT networks. We estimate gravity models that include various measures of time zones and ICT infrastructure variables. According to the theory provided by Marjit (2007) and Kikuchi and Iwasa (2010) , we argue that a proper division of labor in the sense of working during regular office hours is a necessary condition to make use of time zone differences. We find evidence for a positive time zone effect indicating that the continuity effect dominates the synchronization effect at a given geographical distance. Thus, services suppliers rather profit from time zone differences. When time zones allow time to be saved by operating over a 24-hour business day, time seems to be relevant for cross-border business services trade, as previously found for time-sensitive intermediates. In this regard, time represents a barrier in trading with business partners located in the same time zone as they can continue to work half a day later when we abstract from shift work. Has the firms' ability to profit from time zones emerged due to improved tradability of business services? In line with previous theoretical contributions, we empirically validate that the access to an ICT network is a precondition for the continuity effect in business services trade. In addition, we presume that the ICT network is often determined by the country with the poorer access rates to ICT infrastructure. By including an interaction term of time zone distance and minimum ICT access into the model, we find, indeed, that time costs for cross-border business services trade are significantly dependent on the ICT network. The marginal effect of an increase in time zone distance on business services trade is insignificant when the minimum ICT is below a certain threshold. This applies for countries that are in the bottom 25th percentile of the cumulative distribution of minimum ICT. An increase of ICT access rates in countries with a poorer ICT network will significantly favor business and commercial services trade at time zone distances of 9 hours and more while the effect is insignificant for business services trade at shorter time zone distances. Thus, in order to save time, service firms export business services to countries in significantly distant time zones when ICT infrastructure networks allow this. When timely delivery plays a role in business services, time zones may affect the market entry strategy of service providers. For transferable business services via ICT, the trade-off between time zone costs and degree of buyer-seller interaction may become more relevant -especially when there is a high degree of uncertainty to go abroad. This is an important question for further research because countries in distant time zones become relevant for business services outsourcing. To benefit from business services outsourcing, further digitalization is a serious task. 
